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STI PULL-DOWN TO CONTROL SiGe FACET GROWTH 

5 

DESCRIPTION 

Field of the Invention 

The present invention relates to heterojunction bipolar transistors, and more particularly 
10 to a method of fabricating a SiGe heterojunction bipolar transistor 

wherein the base resistance is improved by employing an etching process that 
controls facet growth at the edges of the SiGe layer. Specifically, the present invention 
controls the facet growth by providing a recessed area in isolation regions that are 
present in the structure. 

15 

Background of the Invention 
Significant growth in both high-frequency wired and wireless markets has introduced 
new opportunities where compound semiconductors such as SiGe have unique 
advantages over bulk complementary metal oxide semiconductor (CMOS) technology. 
20 With the rapid advancement of epitaxial-layer pseudomorphic SiGe deposition 

processes, epitaxial-base SiGe heterojunction bipolar transistors have been integrated 
with mainstream advanced CMOS development for wide market acceptance, providing 
the advantages of SiGe technology for analog and RF circuitry while maintaining the full 
utilization of the advanced CMOS technology base for digital logic circuitry. 

25 

A typical prior art SiGe heterojunction bipolar transistor is shown, for example, in FIG 
1 . Specifically, the SiGe heterojunction bipolar transistor shown in FIG 1 comprises 
semiconductor substrate 10 of a first conductivity type having sub-collector 14 and 
collector 16 formed therein. Isolation regions 12, which are also present in the substrate, 
30 define the outer boundaries of the bipolar transistor. The bipolar transistor of FIG 1 
further includes SiGe layer 20 formed on a surface of substrate 10 as well as isolation 
regions 12. The SiGe layer includes polycrystalline Si regions 24 that are formed over 
the isolation regions and SiGe base region 22 that is formed over the collector and sub- 
collector regions. The prior art bipolar transistor also includes patterned insulator layer 
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26 formed on the base region and emitter 28 formed on the patterned insulator layer as 
well as a surface of SiGe base region 22. 

A major problem with prior art SiGe heterojunction bipolar transistors of the type 
5 illustrated in FIG 1 is that during the deposition of the SiGe layer, facet regions (labeled 
as 30 in FIG 1) grow at the edges of the SiGe layer between the polycrystalline Si region 
and the SiGe base region. As shown, the facets form in regions which encroach upon the 
corner formed between the upper surfaces of substrate 10 and the isolation regions of the 
structure. The growth of facets near the this corner leads to increased parasitic current 
1 0 leakage as well as shorts which are caused by the presence of excessive dislocations in 
the structure. Moreover, the presence of facets in a bipolar transistor increases the base 
resistance of the structure. 

In view of the above mentioned problems with prior art heterojunction bipolar 
1 5 transistors, there is still a continued need for developing a new and improved method 
which is capable of fabricating a heterojunction bipolar transistor in which facet growth 
is controlled such that the structure will have reduced dislocations and base resistance as 
well as diminished parasitic leakage. 

20 Summary of the Invention 

One object of the present invention is to provide a method of fabricating a SiGe 

heterojunction bipolar transistor wherein the SiGe base resistance is reduced. 

Another object of the present invention is to provide a method of fabricating a SiGe 
25 heterojunction bipolar transistor in which facet growth is controlled such that facets do 
not form at the corners that exist between the upper surfaces of the substrate and the 
isolation regions. 

A further object of the present invention is to provide a method of fabricating a SiGe 
30 heterojunction bipolar transistor in which diminished parasitic current leakage is 
achieved. 
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These and other objects and advantages are achieved in the present invention by forming 
a pull-down isolation region. The pull-down isolation region is formed in the present 
invention by recessing a portion of the isolation region prior to forming the SiGe layer 
on the structure. During SiGe deposition, the facets do not encroach upon the corner that 
5 exists between upper surfaces of the substrate and the pull-down isolation region. 

Specifically, the method of the present invention comprises the steps of: 

(a) providing a semiconductor substrate having isolation regions formed therein, said 
1 0 semiconductor substrate having an upper surface; 

(b) recessing a portion of the isolation regions below the upper surface of said 
semiconductor substrate so as to provide a recessed isolation surface; and 

1 5 (c) forming a SiGe layer on the upper surface of the semiconductor substrate as well as 
the recessed isolation surface, wherein said recessing controls facet growth at edges of 
the SiGe layer thereby reducing dislocations therein. 

After conducting steps (a)-(c) above, conventional processing steps can be employed to 
20 form the emitter region of the bipolar transistor. 

In one embodiment of the present invention, a dielectric layer such as a nitride is formed 
on portions of the isolation regions which are not recessed prior to formation of the SiGe 
layer. In addition to being formed on the non-recessed surfaces of the isolation regions, 
25 it is contemplated in the present invention to use the dielectric as an etch mask in making 
the pull-down isolation regions. When this embodiment is employed, a patterned 
dielectric is formed on portions of the isolation regions prior to recessing, and an etching 
process that is highly selective in removing the isolation fill material as compared to the 
dielectric may be employed. 

30 
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Another aspect of the present invention relates to a SiGe heterojunction bipolar transistor 
which includes pull-down isolation regions formed therein. Specifically, the inventive 
SiGe bipolar transistor comprises: 

5 a semiconductor substrate having a collector and sub-collector formed therein, wherein 
said collector is formed between isolation regions that are also present in the substrate, 
each of said isolation regions having a recessed surface and a non-recessed surface; 

a SiGe layer formed on said substrate as well as said recessed and non-recessed surfaces 
10 of each isolation region, said SiGe layer including polycrystalline Si regions and a SiGe 
base region; 

a patterned insulator layer formed on said SiGe base region, said patterned insulator 
layer having an opening therein; and 

15 

an emitter formed on said patterned insulator layer and in contact with said SiGe base 
region through said opening. 

In one embodiment of the present invention, the inventive SiGe heterojunction bipolar 
20 transistor includes a patterned dielectric material which is present on the non-recessed 
surface of the isolation regions. 

Brief Description of the Drawings 
FIG 1 is a pictorial representation of a prior art SiGe heterojunction bipolar transistor 
25 wherein conventional isolation regions are employed. 

FIG 2 is a pictorial representation of the inventive SiGe heterojunction bipolar transistor 
wherein pull-down isolation regions having a recessed surface and a non-recessed 
surface are employed. 

30 

FIG 3 shows an alternative embodiment of the present invention wherein a dielectric is 
formed on the non-recessed surface of the isolation region. 
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FIGS 4-8 are pictorial representations of the various processing steps employed in the 
present invention in forming the inventive SiGe heterojunction bipolar transistor. 

5 FIGS 9-10 are pictorial representations of an embodiment of the present invention 
wherein a patterned dielectric is used as an etch mask. 

Detailed Description of the Invention 

The present invention which provides a method for improving the SiGe bipolar yield of 
1 0 a SiGe bipolar transistor will now be described in more detail by referring to the 
drawings the accompany the present invention. It is noted that in the accompanying 
drawings, like and corresponding elements are referred to by like reference numerals. 
Also, for simplicity, only one bipolar device region is shown in the drawings. Other 
bipolar device regions as well as digital logic circuitry may be formed adjacent to the 
1 5 bipolar device region depicted in the drawings. 

Reference is first made to FIG 2 which represents a cross-sectional view of the inventive 
SiGe heterojunction bipolar transistor. Specifically, the SiGe heterojunction bipolar 
transistor comprises semiconductor substrate 50 of a first conductivity type (N or P) 
20 having sub-collector region 54 and collector region 56 formed therein. The substrate is 
further characterized as having an upper surface 55. Isolation regions 52 which are also 
present in the substrate define the outer boundaries of the bipolar device region and 
serve to isolate the bipolar device region shown in FIG 2 from adjacent device regions. 

25 The isolation regions of the present invention (which are sometimes referred to herein as 
"pull-down" isolation regions) are unlike typical isolation regions of the prior art in that 
the inventive isolation regions include recessed surfaces and non-recessed surfaces. In 
FIG 2, reference numeral 75 refers to the recessed surface of the isolation regions and 
reference numeral 80 refers to the non-recessed surface of the isolation region. The 

30 recessed surface is below the corner in the upper surface of the substrate. 
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The SiGe bipolar transistor of FIG 2 also includes SiGe layer 58 formed on substrate 50 
as well as isolation regions 52, i.e., on recessed surface 75 and non-recessed surface 80. 
In accordance with the present invention, the SiGe layer includes polycrystalline Si 
regions 60 that are formed predominately over isolation regions 52 and SiGe base region 
62 which is formed predominately over the collector and sub-collector regions. The SiGe 
base region includes extrinsic base and intrinsic regions; these regions are not separately 
labeled in the drawings, but are nevertheless meant to be included within region 62. It is 
noted that the extrinsic and intrinsic base regions of the structure are sometimes referred 
to as the pedestal portion of a bipolar transistor device. 

The bipolar transistor of FIG 2 also comprises a patterned insulator layer 64 which has 
an opening formed therein and an emitter, i.e., a region of intrinsic polysilicon, 66 
formed on said patterned insulator layer and in contact with the SiGe base region 
through the opening in the patterned insulator layer. 

It is noted that the bipolar transistor shown in FIG 2 has improved SiGe bipolar yield 
because of the presence of the pull-down isolation regions which substantially reduce the 
facet (30) growth at the edges of the SiGe layer. The inventive pull-down isolation 
regions reduce dislocations (which ultimately may lead to bipolar shorts) that typically 
occur in prior art SiGe heterojunction bipolar transistors. 

FIG 3 shows an alternative SiGe heterojunction bipolar transistor that can be formed in 
the present invention. The alternative SiGe bipolar transistor includes the same elements 
as that shown in FIG 2 except for dielectric layer 85 which is formed on non-recessed 
isolation surfaces 80. 

The method and various materials that are employed in forming the SiGe heterojunction 
bipolar transistors shown in FIGS 2-3 will now be described hereinbelow in more detail. 
Reference is first made to FIG 4 which shows the bipolar device region of an initial 
structure that is employed in the present invention. The initial structure shown in FIG 4 
comprises substrate 50 having sub-collector region 54, collector region 56 and isolation 
regions 52 formed therein. 
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The structure shown in FIG 4 is fabricated using conventional processing steps that are 
well known to those skilled in the art. Moreover, conventional materials are used in 
fabricating the same. For example, substrate 50 is composed of any semiconducting 
material including, but not limited to: Si, Ge, SiGe, GaAs, InAs, InP and all other III/V 
compound semiconductors. Layered substrates comprising the same or different 
semiconducting material, e.g., Si/Si or Si/SiGe, are also contemplated herein. Of these 
semiconducting materials, it is preferred that substrate 50 be composed of Si. As 
mentioned above, the substrate may be a N-type substrate or a P-type substrate 
depending on the type of device to be subsequently formed. 

The structure of FIG 4 is formed by first forming an oxide layer (not shown) on the 
surface of substrate 50 using a conventional deposition process such as chemical vapor 
deposition (CVD), plasma-assisted CVD, or sputtering, or alternatively the oxide layer is 
grown thermally. Sub-collector region 54 is then formed in the substrate using a 
conventional ion implantation step. After the implantation step, a thick oxide (also not 
shown), on the order of about 240 nm, is grown on the surface to eliminate implantation 
damage. Next, the thick oxide as well as the previously mentioned oxide layer are 
removed utilizing an etching process which has a high selectivity for removing oxide as 
compared to silicon. 

Isolation regions 52 are then formed by either using a conventional local oxidation of 
silicon (LOCOS) process or by utilizing lithography, etching and trench isolation filling. 
It is noted that the drawings show the formation of isolation trench regions which are 
formed as follows: A patterned masking layer (not shown) is first formed on the surface 
of substrate 50 exposing portions of the substrate. Isolation trenches are then etched into 
the exposed portions of the substrate utilizing a conventional dry etching process such as 
reactive-ion etching (RIE) or plasma-etching. The trenches thus formed may be 
optionally lined with a conventional liner material, i.e., an oxide, and thereafter CVD or 
another like deposition process is employed to fill the trenches with Si02 or another like 
trench dielectric material. The trench dielectric material may optionally be densified 
after deposition and a conventional planarization process such as chemical-mechanical 
polishing (CMP) may also be optionally employed. 

Following the formation of isolation regions in the substrate, collector region 56 is then 
formed in the bipolar device region utilizing conventional ion implantation and 
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activation annealing processes that are well known to those skilled in the art. The 
activation annealing process is typically carried out at a temperature of about 950°C or 
above for a time of about 30 seconds or less. 



5 At this point of the inventive process, the bipolar device region shown in the drawings 
may be protected by forming a protective material such as SisN4 thereon, and 
conventional processing steps which are capable of forming adjacent device regions can 
be performed. After completion of the adjacent device regions and subsequent 
protection thereof, the inventive process continues. It should be noted that in some 

1 0 embodiments, the adjacent device regions are formed after completely fabricating the 
bipolar transistor. 

Next, and as shown in FIG 5, isolation regions are recessed utilizing conventional 
lithography and etching so as to provide isolation regions that contain a recessed portion 

1 5 and a non-recessed portion. The recessed portion of the isolation regions contains a 

recessed surface 75 which is formed below upper surface 55 of the substrate. Moreover, 
the non-recessed portion of the isolation regions contains non-recessed surface 85 which 
is substantially planar with the upper surface of the substrate. The etching step is carried 
out utilizing any isotropic etching process such as reactive-ion etching (RIE), plasma 

20 etching and ion beam etching. It is noted that facets 30 do not form in the corner region, 
as is the case shown in FIG 1 . 

The next step of the present invention is shown in FIG 6. In this figure, SiGe layer 58 is 
formed on substrate 50 as well as isolation regions 52 (i.e., recessed and non-recessed 
25 surfaces). In accordance with the present invention, the SiGe layer includes 

polycrystalline Si regions 60 that are formed predominately over isolation regions 52, 
and SiGe base region 62 which is formed predominately over the collector and sub- 
collector regions. 

30 The SiGe layer is formed epitaxially utilizing any conventional deposition technique 
including, but not limited to: ultra-high vacuum chemical vapor deposition (UHVCVD), 
molecular beam epitaxy (MBE), rapid thermal chemical vapor deposition (RTCVD) and 
plasma-enhanced chemical vapor deposition (PECVD). The conditions used in forming 
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the SiGe layer (which are conventional and well known to those skilled in the art) vary 
depending upon the desired technique employed. It should be noted that during the 
deposition of the SiGe layer, facets begin to grow between the edges of the SiGe base 
regions and the Si polycrystalline region. In the present invention, facet growth is 
controlled by the pull-down isolation regions to such a degree that substantially no 
dislocations are present therein. 

Next, and as shown in FIG 7, insulator layer 61 (which will subsequently become 
patterned insulator 64) is formed on SiGe layer 58 utilizing a conventional deposition 
process such as CVD, plasma-assisted CVD, chemical solution deposition and other like 
deposition processes. The insulator may be a single layer, as is shown in FIG 7, or it may 
contain multi-insulator layers. The insulator layer is composed of the same or different 
insulator material which is selected from the group consisting of Si0 2 , Si oxynitride and 
other like insulators. 

Emitter window opening 63 (See, FIG 7 as well) is then formed in insulator layer 61 so 
as to expose a portion of the SiGe base region. The emitter window opening is formed 
utilizing conventional lithography and etching. The etching step used is selective in 
removing the insulator material as compared to the SiGe layer. 

Following formation of the emitter window opening, an intrinsic polysilicon layer 
(which will subsequently become emitter 66) is formed on the patterned insulator and in 
the emitter window opening by utilizing either a conventional in-situ doping deposition 
process or deposition followed by ion implantation, See FIG 8. The polysilicon and the 
insulator are then selectively removed so as to form patterned insulator 64 and emitter 66 
on SiGe base region 62 providing the structure shown in FIG 2. Specifically, 
conventional lithography and etching are employed in forming the final structure shown 
in FIG 2. It is should be noted that a single etching process may be employed in 
removing portions of the intrinsic polysilicon layer and insulator layer 61, or separate 
etching steps may be employed in removing these layers. 
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In the case of the alternative structure shown in FIG 3, the same process steps as 
mentioned above are employed except that dielectric 85 is formed on the non-recessed 
surface of the isolation regions prior to formation of the SiGe layer. The dielectric layer 
may be composed of an oxide, a nitride, an oxynitride or any combination thereof, with 

5 preference given to nitride dielectrics. The dielectric is formed utilizing conventional 
deposition and, if necessary, lithography and etching may be employed in patterning the 
same. In addition to being formed on the non-recessed surface of the isolation regions, it 
is contemplated in the present invention to use the dielectric as an etch mask in making 
the recessed pull-down isolation regions. When this embodiment is employed, a 

10 pattered dielectric is formed on portions of the isolation regions (See FIG 9), and an 
etching process that is highly selective in removing the isolation fill material as 
compared to the dielectric may be employed (See FIG 1 0). 



While this invention has been particularly shown and described with respect to preferred 
1 5 embodiments thereof, it will be understood by those skilled in the art that the foregoing 
and other changes in forms and details may be made without departing from the spirit 
and scope of the present invention. It is therefore intended that the present invention not 
be limited to the exact forms and details described and illustrated, but fall within the 
scope of the appended claims. 
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